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General
Unless otherwise noted, all reactants or reagents including dry solvents were obtained from commercial suppliers and used as received. Pd(OPiv) 2 was obtained from Aldrich. Ag 2 CO 3 was purchased from WAKO. 4,4′-Dibromo-2,2′-diiodo-1,1′-biphenyl (2c) was purchased from TCI.
2,2′-Diiodo-1,1′-biphenyl (2a) [ 1 ] , 4-chloro-2,2′-diiodo-1,1′-biphenyl (2b) [ 2 ] , 2,2′-diiodo-1,1′-binaphthalene (2d) [ 3 ] , 3,3′-diiodo-2,2′-bibenzothiophene (7) [ 4 ] , 2,2′-dibromo-1,1′-biphenyl (2e) [1] , 1,2-dimethyl-1H-indole (10) [5] , and 1,3-dimethyl-1H-indole (11) [5] were synthesized according to procedures reported in the literature. Unless otherwise noted, all reactions were performed with dry solvents under air. All work-up and purification procedures were carried out with reagent-grade solvents in air.
Analytical thin-layer chromatography (TLC) was performed using E. Merck silica gel 60 F 254 precoated plates (0.25 mm). The developed chromatogram was analyzed by UV lamp (254 nm).
Medium pressure liquid chromatography (MPLC) was performed using Yamazen W-prep 2XY.
Preparative thin-layer chromatography (PTLC) was performed using Wakogel B5-F silica coated plates (0.75 mm) prepared in our laboratory. Preparative gel permeation chromatography (GPC) was performed with a JAI LC-9204 instrument equipped with JAIGEL-1H/JAIGEL-2H columns using chloroform as an eluent. The high-resolution mass spectra (HRMS) were conducted on Thermo Fisher Scientific Exactive. Nuclear magnetic resonance (NMR) spectra were recorded on a JEOL JNM-ECA-600 ( 1 H 600 MHz, 13 C 150 MHz) spectrometer and a JEOL JNM-ECA-600II with Ultra 
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124. 1, 123.9, 123.7, 123.60, 123.56, 123.4, 122.9, 121.8, 120.3, 113.4, 109.5, 34.6 133.7, 130.9, 130.0, 127.3, 126.9, 126.5, 125.6, 124.2, 123.8, 123.63, 123.56, 123.4, 122.6, 122.0, 120.4, 113.6, 109.4, 41.0, 15.3 296.1433. 3, 137.4, 134.7, 130.9, 129.9, 129.1, 127.5, 127.4, 127.1, 126.4, 126.0, 125.7, 124.1, 124.0, 123.8, 123.7, 123.5, 123.2, 122.9, 121.9, 120.9, 113.9, 110.0, 50 .2 (one carbon peak was not observed because of overlapping 134.5, 130.8, 130.2, 129.9, 129.1, 128.9, 127.4, 127.3, 125.9, 125.7, 124.0, 123.9, 123.81, 123.79, 123.5, 123.2, 121.7, 121.0, 114.2, 111 .0 (two carbon peaks were not observed because of overlapping 8, 133.6, 130.7, 130.4, 127.3, 126.6, 126.1, 125.5, 124.1, 123.7, 123.43, 123.38, 122.8, 122.4, 121.6, 121.0, 120.2, 119.4, 113.3, 46.7, 25.1, 23.7 9, 142.2, 136.7, 136.0, 131.6, 129.4, 128.8, 128.0, 127.6, 126.9, 126.8, 125.8, 125.0, 124.3, 123.7, 123.5, 123.1, 122.8, 122.5, 119.7, 118.7, 114.7, 109.7, 50 .5 (one carbon peak was not observed because of overlapping 135.8, 131.4, 129.3, 128.9, 127.92, 127.86, 127.4, 126.9, 126.8, 126.6, 125.7, 124.8, 124.1, 123.64, 123.60, 123.4, 122.8, 122.5, 120.6, 113.5, 110.6, 103.8, 50 9, 136.9, 135.3, 131.2, 129.5, 129.2, 127.73, 127.66, 127.2, 126.8, 126.6, 126.2, 125.9, 125.4, 124.5, 124.3, 124.1, 123.6, 123.5, 123.0, 122.9, 114.0, 113.2, 111. 9, 137.5, 136.5, 135.2, 130.9, 130.0, 129.1, 127.5, 127.4, 127.0, 126.4, 126.0, 125.7, 124.1, 124.0, 123.7, 123.5, 123.3, 122.8, 113.5, 113.2, 110.5, 105.0, 56.2, 50.3 (one carbon peak was not observed because of overlapping 9, 142.7, 137.4, 134.2, 130.3, 129.6, 129.2, 127.5, 127.3, 127.1, 126.4, 126.0, 125.2, 124.0, 123.8, 123.54, 123.49, 123.3, 122.7, 122.4, 118.1, 114.2, 109.7, 94.0, 55.7, 50.4 9, 137.0, 136.2, 131.7, 129.4, 129.2, 128.0, 127.8, 127.4, 127.0, 126.8, 126.7, 125.7, 124.7, 124.2, 123.70, 123.67, 123.4, 123.2, 122.5, 122.3, 120.2, 114.2, 113.5, 106.3, 50 9, 139.8, 136.4, 135.6, 131.0, 130.9, 129.8, 128.7, 128.4, 127.7, 127.6, 127.3, 126.7, 126.33, 126.28, 125.9, 125.6, 124.0, 123.8, 123.6, 123.4, 123.32, 123.26, 121.2, 114.9, 114.2, 106.6, 70.7, 52.3 9, 128.8, 127.1, 126.8, 126.7, 126.4, 124.5, 124.2, 124.0, 123.8, 123.2, 123.1, 121.0, 100.9, 45.4, 16.4 7, 129.0, 128.9, 128.71, 128.67, 127.6, 127.5, 127.0, 126.8, 126.3, 125.9, 124.2, 124.1, 124.0, 123.9, 123.3, 123.14, 123.11, 121.3, 101.5, 53.9 7, 140.6, 135.0, 133.22, 133.18, 132.0, 130.8, 130.3, 129.7, 129.0, 127.5, 126.30, 126.25, 125.8, 125.7, 125.5, 125.0, 124.9, 124.6, 124.1, 123.92, 123.89, 123.8, 123.7, 123.61, 123.58, 123.3, 123.1, 123.0, 122.9, 122.7, 122.1, 121.9, 121.5, 120.5, 120.4, 114.2, 112.3, 109.6 (2C) 6, 133.4, 130.9, 128.72, 128.65, 126.7, 125.9, 125.4, 125.2, 124.8, 124.7, 124.4, 122.6, 121.9, 121.6, 120.8, 120.5, 112.9, 109.6, 34 439.9468.
9-Benzyl-9H-dibenzo[a,c]carbazole (3ca)
General
5,10-Dibromo-1-methyl-1H-dibenzo[e,g]indole (5cc)
General procedure A: Purification by MPLC (hexane/CHCl 3 = 7:3 to 1:1) and GPC afforded 5cc 129.5, 127.3, 127.1, 127.0, 126.9, 125.9, 125.7, 125.6, 124.94, 124.88, 123.5, 122.5, 121.3, 120.8, 100.8, 38.8 
11-Methyl-11H-dinaphtho[2,1-a:1′,2′-c]carbazole (3ad)
General procedure B: Purification by MPLC (hexane/CHCl 3 = hexane only to 3:2) afforded 3ad as a yellow solid (9.7 mg, 25% yield). A single crystal of 3ad was obtained by recrystallization from a 
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CHCl 3 solution through vapor diffusion of pentane at room temperature, and the structure was determined by X-ray crystallography (see Table S5 and Figure S1 8, 135.9, 131.8, 131.6, 131.1, 130.5, 130.4, 129.2, 129.1, 128.3, 127.8, 127.4, 126.9, 126.8, 125.9, 124.8, 124.7, 124.5, 124.2, 123.2, 122.1, 121.9, 121.5, 120.4, 120.2, 115.4, 109.6, 34.7 382.1592.
1-Methyl-1H-dibenzo[e,g]indole (5ca)
To a screw-capped glass tube containing a magnetic stirrer bar were added 1-methylpyrrole (4c 9, 128.7, 128.6, 127.9, 126.83, 126.76, 126.3, 124.9, 124.1, 124.0, 123.9, 123.3, 123.1, 122.7, 121.0, 100.6, 38.9 9, 136.5, 131.0, 130.1, 128.8, 128.34, 128.3, 128.13, 128.08, 127.6, 126.4, 126.2, 126.0, 125.8, 125.6, 125.33, 125.28, 125.2, 124.9, 124.1, 123.9, 123.3, 123.0, 120.7, 120.3, 117 
11-Methyl-11H-benzo[4,5]thieno[3,2-a]benzo[4,5]thieno[2,3-c]carbazole (8)
General procedure B: Purification by MPLC (hexane/CHCl 3 = hexane only to 4:1) and GPC afforded 8 as a yellow solid (13 mg, 32% yield). A single crystal of 8 was obtained by recrystallization from a CHCl 3 solution through vapor diffusion of pentane at room temperature, and the structure was determined by X-ray crystallography (see Table S5 and Figure S2 ). 1 H NMR (600 MHz, CDCl 3 ) δ 3, 139.8, 139.3, 138.8, 136.3, 134.7, 133.1, 129.8, 126.8, 126.1, 125.5, 125.4, 125.3, 125.2, 124.4, 124.2, 123.9, 123.22, 123. To a screw-capped glass tube containing a magnetic stirrer bar were added N-methylpyrrole (4c) (0.20 mmol, 1.0 equiv), 2,2′-diiodo-1,1′-biaryl (7) 7, 139.7, 139.2, 136.6, 134.4, 133.0, 129.2, 129.1, 127.7, 126.1, 125.3, 125.1, 123.2, 122.7, 122.3, 122.2, 120.0, 41.4 
Experiments for mechanistic considerations
Palladium-catalyzed phenylation of 1,2-dimethylindole (10)
To a screw-capped glass tube containing a magnetic stirrer bar were added 1,2-dimethylindole (10) (0.20 mmol, 1.0 equiv), iodobenzene (0.60 mmol, 3.0 equiv), Ag 2 CO 3 (0.30 mmol, 1.5 equiv), Pd(OPiv) 2 (0.010 mmol, 5.0 mol%), DMF (0.7 mL) and DMSO (0.3 mL) under air. After stirring at 80 °C for 19 h, the reaction mixture was cooled to room temperature, and then passed through a short pad of Celite ® (eluent: EtOAc or CHCl 3 ). After the organic solvent was removed under reduced pressure, the residue was purified by PTLC (hexane/AcOEt = 10:1) to afford 1,2-dimethyl-3-phenyl-1H-indole (12) 
Palladium-catalyzed C-H phenylation of 1,3-dimethylindole (11)
To a screw-capped glass tube containing a magnetic stirrer bar were added 1,3-dimethylindole (11) (0.20 mmol, 1.0 equiv), iodobenzene (0.60 mmol, 3.0 equiv), Ag 2 CO 3 (0.30 mmol, 1.5 equiv), Pd(OPiv) 2 (0.010 mmol, 5.0 mol%), DMF (0.7 mL) and DMSO (0.3 mL) under air. After stirring at 80 °C for 19 h, the reaction mixture was cooled to room temperature, and then passed through a short pad of Celite ® (eluent: EtOAc or CHCl 3 ). After the organic solvent was removed under reduced pressure, the residue was purified by PTLC (hexane/AcOEt = 10:1) to afford 1,3-dimethyl-2-phenyl-1H-indole (13) 
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Scheme S1. APEX reaction of 1a by using dibromobiphenyl (2e) as a π-extending agent. 
X-ray crystallographic analysis of 3ad, 8 and 9
Each single crystal of 3ad, 8 and 9 was obtained by the recrystallizations from CHCl 3 /pentane, CHCl 3 /pentane and THF/pentane, respectively. Details of the crystal data and a summary of the intensity data collection parameters for 3ad, 8, and 9 are listed in Table S1 . A suitable crystal, obtained by crystallization from appropriate solution, was mounted with mineral oil on a MiTeGen
MicroMounts and transferred to the goniometer of a Rigaku PILATUS diffractometer.
Graphite-monochromated Mo Kα radiation (λ = 0.71075 Å) was used. The structures were solved by direct methods with (SIR-97) [ 6 ] and refined by full-matrix least-squares techniques against F 2 (SHELXL-2014/7) [7] by using Yadokari-XG software package.
[8] The intensities were corrected for Lorentz and polarization effects. The non-hydrogen atoms were refined anisotropically. Hydrogen atoms were placed using AFIX instructions. 
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Figure S1
. ORTEP drawings of 3ad with 50% thermal ellipsoid. 
DFT calculations of 8 and 9
The Gaussian 09 program [ 9 ] running on a SGI Altix4700 system was used for geometry optimization (B3LYP/6-31G(d)).
[10] All structures were optimized without any symmetry assumptions.
Zero-point energy, enthalpy, and Gibbs free energy at 298.15 K and 1 atm were estimated from the gas-phase unless otherwise noted. Calculations of harmonic vibration frequencies, molecular orbitals and their energies at the same level were performed to verify all stationary points as local minima (with no imaginary frequency) or transition states (with one imaginary frequency). Visualization of the results was performed by use of GaussView 5.0 software. 
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Absorption and emission spectra of 8 and 9
UV-vis absorption spectra in CH 2 Cl 2 were recorded at room temperature on a Shimadzu UV-3510 spectrometer with a resolution of 0.2 nm. Emission spectra were measured on Shimadzu RF-6000 spectrometer in CH 2 Cl 2 at room temperature with a resolution of 0.1 nm upon excitation at 427 nm for 8 and 437 nm for 9. Absolute fluorescence quantum yields (Φ F ) were determined on a Shimadzu RF-6000 using a calibrated integrating sphere system (207-21460-41) . Dilute solution in degassed spectral grade CH 2 Cl 2 in a 1 cm square quartz cell was used for all measurements 
